A Study on Ultrasonic Detection of Flaws in Welds of Rails by Lianxiu, Li et al.
A STUDY ON ULTRASONIC DETECTION OF FLAWS IN WELDS OF 
RAILS 
Li Lian"iu, Zhong Dongmin, Xiong Xiaolan 
Metals and Chemistry Research Institute 
China Academy of Railway Sciences 
No.2 D~liushu Rd. 
Xizhimenwai, 100081 
Beijing, P.R. China 
INTRODUCTION 
During manufacture and in service, various defects might emergence in rails. 
Some defects are volwne ones, and others are planar ones, like facula, greyness, non-
welded together and fatigue crack. plane defects are very dangerous. They not only 
reduce the effective section of rail, but also bring on stress concentration. It is important 
to detect all the defects to make sure security of transportation. The detection is very 
difficult owing to complicated shape of ClOSS, large thickness in some places, uncertain 
positions of defects. The method of detecting the planar defects and the defects located 
at the rail fillet, for terms of the different parts of a rail, see Fig.4,were mainly discussed 
in this paper. 
The Detection of Planar Defects 
Right Angle Reflection 
The detection of planar defects was done by the right angle reflection principle 
as shown in Fig. I. Acoustic wave reflected from defect was reflected again by bottom 
surface or side surface and then returned to test surface along parallel direction with 
incident acoustic wave. According to geometry, it is easily proved that the distance L 
between the two probes is: 
L = 2htg l3 (1) 
Here l3 is the refracting angle of probe and h is the height of the defects from the bottom 
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Fig. I Right angle reflection and 
pitch and catch scanning detection. 
surface. 
Fig.2 Scanning detection of"K" type. 
It can be seen that L is related to B and h. The larger the refracting angle of 
probe is, the farther the distance L is needed; If h is bigger, L is bigger and vice versa. 
When h is small enough that L is less than the diameter of the probe, the probe can 
receive the reflection echo by itself. This is the principle of detecting planar defects by 
single probe. When h is large, the defect is too far away from the bottom surface, the L 
is larger and the probe can not receive reflective wave by itself. The dual probes must be 
used in detecting. When the two probes were placed according to the situation shown in 
Fig. I, it is called pitch and catch scanning detection. Another detecting scheme was 
called "K" type scanning as shown in Fig. 2. It can be used for the detection of the 
defects on rail bottom and head, whereas the pitch and catch scanning can be used for 
detecting defects on rail lumbus. 
The path length of the two types of scanning detection is both constant (the path 
length of pitch and catch scanning detection is double that of "K" type's), It is not 
related to the positiop of defects at the welds. Thus, the position of flaw echo is 
changeless on the screc:n. This brings on much convenience for flaw estimating. During 
scanning, the probe pairs must be moved oppositely at the same speed. Hence, special 
mechanical devices were needed. 
Measurement of the Defects Size 
When the detection is done by single probe, incident and reflected wave at the 
defects pass through the same distance. When dual probe is used, the path length is not 
equal. Though total distance that acoustic wave passes through is changeless, the echo 
height for the same defect varies with the change of defective position because of 
different spread extent of acoustic wave. 
Suppose that the defect is small plane flaw and is located at far field of the 
probe, the path length incident acoustic wave is XI, the path length of reflected acoustic 
wave is X2. If the influence of the states of rail surface is ignored and only the relative 
peak value of reflected wave is concerned, according to the rule in the far field that 
acoustic pressure is inversely proportional to the distance [I ] , the reflected acoustic 
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T bl 1 Th ak a e . epe va ues re fl dti b hi' d'ffi d th ecte rom planar ottom 0 es 10 1 erent epl . 
H(mm) 5 PO 60 90 120 150 165 
theoretical Value (dB) near field 27.3 22.1 20.7 20 19.9 
Practical detection Value (dB) 27 127 28 26 22 21 19 
pressure of defects p can be expressed: 
P= Il s/x(m-x) (2) 
m=XI+x2 x is XI or X2 
Where s is defect area, Il is the coefficient that is related to probes, workpieces 
and the reflected rule of defects. It can be seen that the reflected acoustic pressure of 
defects or its size is reversely proportional to the product of XI and X2. The bigger the 
product is, the lower the echo height is and contrarily, the higher the peak value of echo 
height is. 
Let dp/dx=O in the equation (2), we obtain: x=ml2, that is: X)=X2 
Here the peak value of reflected wave reaches least value. If there is the same 
value of defects for the pitch and catch scanning detection, when the defects are near the 
top of welds, the echo height of reflection is high. When they are near the bottom, the 
echo height of reflection is low or there is a small size. 
Table 1 lists the reflected peak value of a planar bottom hole of cD 3 varying 
with its position at t3 =37, A =1.l8mm of probe, A is the wave length of the ultrasonic 
wave. The length of near field is about 40mm. H is the distance between defects and test 
surface. The height of rail is 176mm. It is seen that the echo height almost does not vary 
with H at the near field area. At the far field, it gradually decreases with the increasing 
of H. This is predicted in (2). 
Rail Fillet Detection 
At the rail fillet, there is a small cross section, low mechanical strength and 
large stress. Sometimes, a tiny defect brings on the rupture of rail. It is one of the most 
dangerous defects in nUls. 
The Geometric of Acoustic Wave Propagation 
At rail fillet, the detection is done by single probe method going along the tilt 
of rail bottom. The direct scan detect the lower part of welds and the single bounce 
detects the upside. Here test surface is not parallel to the reflected surface of rail bottom. 
The single bounce is not in the lognitudinal section. 
In order to select the condition of flaw detection reasonably, the propagation 
rule of acoustic wave at rail fillet must be carefully studied. Therefore, the coordinate 
system is established as shown in Fig.3. X-axis is parallel to the side surface of rail 
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Fig. 3 The propagation of acoustic wave at the rail fillet. 
bottom. Z-axis is perpQndicular to the test surface and vertical uprising. The origin 0 is 
located on the test surface. \l1 is the offset angle of probe that is relative to xoz 
coordinate plane. e is the tilt angle of the inclined plane of rail bottom. c is the 
distance between the origin and crossing point of z-axis and rail bottom. 
angle. Point of incide~e is located at the origin. It can be proved: [ 2 ] 
(I) The sound track equation of direct scan 001: 
f3 is refracted 
x y Z 
sin p cos 'I' sin p sin 'I' - cos p (3) 
(2) The acoustic wavo coordinates that is located at the reflection point at rail bottom 
01: 
kccos'l' X =----'---
I 1 + ktg8 sin 'I' 
kcsin'l' 
, y = 'ZI= 
1 1 + ktg8 sin 'I' 
c 
1 + ktg8 sin 'I' ' 
Here, k=tg fl 
(3) The sound track equation of the secondary wave 0102: 
X-XI Y- YI 
sin p cos 'I' sin p sin 'I' cos28 - cos p sin 28 
Z-ZI 
=--------~--~---------
sin p sin 'I' sin28 + cos p cos28 
(4) The included angle between the secondary wave and xoz coordinate plane: 
~ = sin-I (sip p sin 'l'cos28 - cos p sin28) 
(4) 
(5) 
(5) When the axis of the secondary wave hit the center of defects (m, n), the fl and 
offset angle \l1 of prope meet the following relation: 
k . mcos28 +(n+c)sin28 Sin 'I' = . ,(K = tg fl ) 
-msm28 + (n + c)cos28 + c 
The Inflection Angle And Detecting Position of Probe 
Owing to the planar defects in the welds is parallel to rail section, that is to say, 
it is parallel to yoz coordinate plane, for obtaining the maximal reflection of defects, the 
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Rail Fillet 
Fig. 4 Flaw detection method of welded seam of rail. 
T bl 2 Th a e fall f al d . Id e comparison 0 c cu a 109 v ue an practlca f b s. etectlon va ue 0 pro e 
6.34 0 14.04 0 18.43 0 
Calculating Practical Calculating Practical Calculating Practical 
probe Value Detection Value Detection Value Detection 
Value Value Value 
fl =64 0 6.3 6.4 15.1 15.4 21.4 22 
fl =68 0 5.2 6 12.4 11.3 17.6 17 
secondary wave must l>e parallel to xoz coordinate plane. Therefor, let ~ =0 in the 
equation (6), and we Qbtain: 
\11 =sin"t (t~2 e Jtg fl) or tg fl sin \11 =tg2 e (8) 
It can be seen that \11 is related to the fl and the tilt angle e of rail bottom. 
Table 2 lists the value pf inflection angle required of the probes fl =64 0 and fl =68 0 
under the different till angle of rail bottom. It is seen that the calculating value and 
practical detection valqe are quite the same. 
When the offset angle of probe is selected in term of the equation (8), we can 
figure out by the eqqation (7) that the transverse distance m between defects and 
incident point is: 
m = c·sin2 e (9) 
The Selection of FIIlW Detection Method 
When the flaw cU:tection process of welds of rails is determined, we divide the 
section of rail into four regions as shown in Fig.4: lumbus part is region 1, and pitch and 
catch scanning detection is done using the probe of f3 =37 0 • The bottom is region 2, 
and the scanning detection of type "K" is done using array. Rail fillet is located at region 
3, and scanning detection is done using the single probe of f3 =64 0 or f3 =68 0 • 
When probes move fore-after and left-right, it deflects an angle lIT relative to side face 
and swing in the range of the angle. The head is region 4, besides the scanning detection 
of type "K" is done frpm both sides, we also use single probe of f3 =68 0 to do. The 
deflective angle of prpbe and deflective rule of rail fillet detection has been proved 
through practice. The above scanning detection forms have obtained good detection 
effect. 
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